Agroforestry holds the key in providing alternative economically viable livelihood development and to support mountainous farmers to adapt to climate change. Innovative agroforestry interventions integrating animal production, horticulture etc into cropping systems exist that can help farmers improve yields and provide resilience for supporting livelihoods particularly among marginal communities. But, the lack of knowledge, technical know-how and other information among the farmers are major barriers in adoption of agroforestry. Millions of the farmers of mountainous regions already wrestling with water scarcity, which would be more severe in climate change scenario. The Himalayan regions are have been considered to be highly sensitive to climate change. Indeed, Innovative agroforestry interventions have the potential to conserve natural resources, improve productivity and provide resilience to climate change. The present paper highlights the need for developing innovative agroforestry interventions to promote various alternate livelihood options through diversification, adoption of high yielding varieties and development of innovative products from forest resources. Of these, spice based agroforetry, silvi-medicinal systems, Van silk cultivation, bamboo and ringal cultivation and development and use of farm resources based products like bamboo based composite structures, Seabuckthorn herbal tea, Ghingaroo juice (Crataegus crenulata) and incense products etc holds a promising potential to be explored as better options for future scenario.
Hills cover major part of Uttarakhand State of India that cover approximately 90 per cent of the geographical area.
The total forest area under various classes of the forest is 37999.53 km 2 , which is 71% of the total geographical area (Uttarakhand forest statistics, . A majority of the area of the state is under forests and wastelands thus leaving behind only a small amount of land (about 12 %) for cultivation. Further anomolies like shift in monsoon patterns, landslides, cloud bursts and drying up of natural springs, crop depredation by wild animals etc. have resulted into the practice of hill agriculture as uneconomical one which is prelevant in most of the mountain regions of the state.
Further mountain communities are likely to face drastic changes in their food and farming systems due to extreme and unusual weather patterns. Many may suffer from reduced water availability and increased pests linked to decreasing rainfall and increasing temperatures. In such a scenario deliberate use of suitable tree species in the agricultural landscape i.e agroforestry systems viz., agrisilvicultural, agrisilvipastoral, hortsilvicultural, hortisilvipastoral, energy The present paper highlights the existing and innovative agroforestry interventions to develop various alternate livelihood options through diversification, adoption of high yielding varieties and development of forest resource based innovative products to support climate resilient mountain agriculture.
Adoption of existing agroforestry systems in different mountainous zones
Diversification is another important component to reduce the risk of crop failure, in terms of the plants themselves, the landscape they are farmed in and mixed production systems. Traditional farming landscapes involving local crop varieties are often resistant to droughts and pests provide living gene banks where crops can continue to evolve and shift across ecological niches to adapt to climate change. Climate-smart agriculture promotes a set of practices and business models that can help reduce emissions and build resilience. It aims to address both food insecurity and climate change by improving resistance to climate impacts, reducing greenhouse emissions. Pan-tropically, agroforestry (www.worldagroforestry.org), livestock-keeping (www.ilri.org/) and the interactions between these practices are crucial for the livelihoods of rural communities (Garrity 2004 , McDermott et al. 2010 ). Agroforestry has its own role to play in all these zones. There are structural as well as functional changes in the agroforestry systems in different zones ( 
Shiwalik region (750-1500 m)
Agroforestry 
Lesser Himalayas (1500 to 3000 m)
The major practice in the lesser Himalaya is line planting on the terrace risers. It is reported that intercropping a young apple orchard with grasses and legumes under rained conditions for one year can give yields of green grass varying from 24,000 to 31,000 kg/ha and those of legumes varying from 24,000 to 26,700 kg/ha and millet and peas as the best crop comibnations with apple.
In agrisilviculture system, forest trees viz. Quercus spp (banj, moru and kharsu), Aesculus indica (Pangar), Robinia, Alnus, are retained by the farmers for meeting the basic needs of fuelwood, fodder and small timber. Generally, the trees are not planted in any systematic manner and no attention is given to spacing to get full density per unit area. These primitive practices are of not economic importance. However, using appropriate technologies, agroforestry can contribute to sustained production of crops and livestock, on these lands.
In this zone, silvipastoral systems are more commonly found where lopping of trees and grazing of grasses by nomadic graziers is a common practice. People have the right to graze their animals and collect the fodder, fuelwood and timber for their needs. The forests and civil soyam land in this zone suffer from high grazing pressure. Sattered trees are generally found on these lands. However, fodder tree species are now being taken under Joint forest management programmes and Van Panchayat forests for improvement of these lands. In modern times, engineered bamboo is used to make prefabricated bamboo houses with the help of bamboo based panels, veneers and laminated boards. The technology can be adopted for construction of low cost houses with cost ranging from Rs. 300 to 500 per square feet depending upon design and nature of interior finish. Advances in structural engineering and development of bamboo composites have opened new vistas for durable, light weight and aesthetics construction materials.
Higher Himalayas (>300m)

Silvi-medicinal system or intervention of medicinal plants: an opportunity for alternative livelihood development
Lemon grass (Cymbopogon flexuous), Sweet basil (Ocimum basilicum), Akarkara (Spilanthes acmella), Kaunch (Mucuna pruriens), Ashwagandha (Withania somnifera), Kantkari (Solanum khasianum) and Kalmegh (Andrographis paniculata) were selected having reviewed their natural habitats and growth conditions. The trial was conducted for two consecutive years and to everyone's surpise, out of seven medicinal plants, four medicinal plants namely Akarkara, Kaunch, Kantkari and Kalmegh were found to be economically viable due to better yield and healthy financial returns. Spilanthes acmella, Mucuna pruriens and Solanum khasianum produced maximum yield when grown on northern aspect with net returns of Rs. 34,639, 15,567 and 2879, respectively, per hectare in a growing season of four to six months depending on the species (Sanwal etal, 2011 (Sanwal etal, , 2013 (Sanwal etal, , 2015 (Sanwal etal, ,2017 . Similarly many remunerative silvi-mediinal systems need to be developed for alternate livelihood generation of mountainous areas.
Spice based agro-forestry systems for livelihood development in mountainous areas prone to crop depredation by wild animals
Rhesus like a wide range of food, including roots, shoots, leaves, fruits even grasses. Conflicts often occur when non-human primates and other wild animals raid crops and compel local farmers to give up the farming. Hence monkeys and other wild herbivores are considered pests in the areas of massive agriculture, horticulture and other plantations since they damage the crops and orchards. Hence there is a need to develop tree and crop based systems which are not liked by the monkeys and other herbivores but are economically viable. For this purpose after a series of surveys a trial was conducted to plant screened trees and crop species not liked by monkeys and other wild herbivores in the medicinal and aromatic tree conservation and development centre of Sharda range of Haldwani forest division.
Spices based agroforestry system was considered as one of the best systems for ensuring livelihood security in man-monkey conflict areas of the region.
Curry patta, Tejpatta, Lemon grass, Wild Tulsi, and other traditional spices like Chilly, Ginger etc based agroforesty systems hold a promising potential in areas sensitive to crop depredation by wild animals besides ensuring the economic profitability.
Recently GI (Geographical indicator) certificate to Tejpatta (Cinnamomum tamala) is set to benefit over 10,000
farmerse involved in its production in the state of uttarakhand as dry leaves of the tree, which sell for Rs 60 to 65 per kg., are expected to now fetch more money. 
Seabuckthorn in high altitude
Innovation, new technology and product options
Ghingaroo juice (Crataegus crenulata) and incense products and many other herbal products etc holds a promising potential to be explored for future scenario. Advancement in technology and innovation can encourage more number of manufacturing units. Also there would be need for market establishment with product testing for quality being a necessity which will ultimately lead to market acceptability.
Conclusion
Communities in the Mountainous areas need to be empowered and their livelihoods need to be improved so that they can take responsibility for the preservation of natural resources and fulfill their role as mountain stewards.
Innovative agroforestry models may facilitate easy adoption that may result in the sustainability of mountainous agriculture over the years. It is imperative to support and promote the synchronisation of modern technologies with traditional and indigenous knowledge for sustainable rural development resulting in the efficient use of existing resources and diversification of activities leading to rural enterprises to support climate resilient mountain agriculture.
